ly). Samples were incubated in a buffer-equilibrated humidity chamber at 46°C for 90 min, then rinsed and immersed in wash buffer [20 mM tris-HCl (pH 7.4), 0.01% SDS, 5 mM EDTA, 0.9 M to 7 mM NaCl (23)] for 15 min at 48°C. Slides were rinsed in distilled water, air dried, and mounted with Vectashield (Vectashield Laboratories) for viewing. Enrichment cultures were used to determine optimal stringency for hybridization with FER656 (5Ј-CGT T TAACCTCAC-CCGATC-3Ј Images of an active region on the far side of the sun were derived by applying seismic holography to recent helioseismic observations from space. Active regions are the centers of energetic phenomena such as solar flares and coronal mass ejections, whose resulting electromagnetic and particle radiation interfere with telecommunications and power transmissions on Earth and can pose significant hazards to astronauts and spacecraft. Synoptic seismic imaging of far-side solar activity will now allow anticipation of the appearance of large active regions more than a week ahead of their arrival on the east solar limb.
ly). Samples were incubated in a buffer-equilibrated humidity chamber at 46°C for 90 min, then rinsed and immersed in wash buffer [20 mM tris-HCl (pH 7.4), 0.01% SDS, 5 mM EDTA, 0.9 M to 7 mM NaCl (23) ] for 15 min at 48°C. Slides were rinsed in distilled water, air dried, and mounted with Vectashield (Vectashield Laboratories) for viewing. Enrichment cultures were used to determine optimal stringency for hybridization with FER656 (5Ј-CGT T TAACCTCAC-CCGATC-3Ј). The isolate fer1 was used as the positive control for hybridizations with FER656. Bacterial cultures used for negative FER656 hybridization controls included T. ferrooxidans (American Type Culture Collection 19859), Acidimicrobium ferrooxidans [German Collection of Microorganisms and Cell Cultures (DSMZ) 10331], Acidiphilium strain SJH (courtesy of B. Goebel), and Escherichia coli (JM109; purchased from Promega, WI). Bacterial and Ferroplasma cells in enrichment cultures were also used as controls; bacteria (Leptospirillum ferrooxxidans and Thiobacillus caldus) were hybridized with BAC338 (8) (20% formamide). 14. For determination of generation times, 20 ml of medium (10) Images of an active region on the far side of the sun were derived by applying seismic holography to recent helioseismic observations from space. Active regions are the centers of energetic phenomena such as solar flares and coronal mass ejections, whose resulting electromagnetic and particle radiation interfere with telecommunications and power transmissions on Earth and can pose significant hazards to astronauts and spacecraft. Synoptic seismic imaging of far-side solar activity will now allow anticipation of the appearance of large active regions more than a week ahead of their arrival on the east solar limb.
Forecasts of space weather would be greatly improved by the ability to monitor active regions on the far side of the sun. Active regions on the near solar surface produce flares that affect spacecraft, cause surges in electrical power grids, and inhibit telecommunications. Because the sun rotates rapidly, with a synodic period of 27 days, flaring regions can appear suddenly on the east solar limb, affecting space weather in the terrestrial neighborhood as they pass across the near solar surface. Many such regions could be anticipated by a week or more if we could effectively monitor the far surface of the sun. Helioseismic holography was proposed a decade ago (1) as a general diagnostic basis for local helioseismology, with the purpose of imaging local acoustic anomalies in the solar interior and on the far side. The development of holographic seismic imaging techniques for solar interior diagnostics (2, 3) was initially prompted by the discovery that sunspots absorb (4, 5) and scatter (6) incident acoustic waves. Phase-coherent seismic imaging opened the possibility of detecting not only local magnetic and thermal structure beneath the solar surface, but even active regions on the far side of the sun (1). These techniques work because the solar interior is transparent to seismic waves. We developed the basic concepts for seismic holography for these purposes (1, 2, 7) , reviving a concept originally proposed some 15 years earlier by Roddier (8) .
Standard holographic imaging of the near solar interior is accomplished computationally by regressing surface acoustic wave disturbances, which are determined by helioseismic observations, backward into the interior, on the basis of a computational acoustic model of the solar interior (9), thereby expressing a field called the coherent acoustic egression, H ϩ (10). Generally, the surface observations that contribute to the regressed acoustic field at any given "focal point" in the image are chosen from a limited region, called the pupil of the computation. This has typically been an annulus or circular region on the model surface centered directly above the submerged focal point. In fact, waves in the 2.5-to 4.5-mHz frequency range undergo a specular reflection at the solar surface, penetrating back into the interior where they are eventually refracted back to the surface thousands of kilometers further from the source. Multipleskip holography based on this phenomenon thus facilitates imaging of active regions from pupils far extended from the focal point. Indeed, it is even possible to extend the pupil of a holographic computation from the focal point to the opposite side of the sun. In such an application, it is the focal point that must lie on the far surface of the sun because the pupil itself must lie on the near surface in order to be directly observed. This is the principle of far-side helioseismic holography.
Standard acoustic power holography is accomplished by mapping the egression power, ͉H ϩ ͉ 2 , which may be integrated over time and/or temporal frequency for improved statistics. This diagnostic is sensitive to acoustic sources and absorbers, the latter of which are rendered as silhouettes. Alternatively, phasesensitive holography (7) can be used to gauge travel-time perturbations, ⌬t, caused by refractive anomalies, or to gauge the magnetic depressions of sunspots and plages (11) . This technique is based on phase correlations between the acoustic egression and its timereverse counterpart, the acoustic ingression H Ϫ , which is a coherent representation of waves that happen to be converging into the focal point, as opposed to waves emanating from it. This is the natural adaptation of time-distance correlation measurements (12, 13) to holographic reconstruction.
Here, we used two-skip phase-sensitive holography to map travel-time perturbations of the far side of the sun over a spectral range of 2.5 to 4.5 mHz. We analyzed a 24 ingression maps over the spectral range of 2.5 to 4.5 mHz, using a near-side pupil spanning a range from 115°to 172°from the focal point (Fig. 1) . Such a configuration effectively filters the egression computation for waves whose spherical harmonic indices, ᐉ, are mostly confined to a well-defined range (15) . At 3.5 mHz, for example, the pupil illustrated in Fig. 1 samples waves with ᐉ predominantly in the range of 22 to 40. This imposes a diffraction limit of ϳ10°of longitude at the solar equator, easily resolving a moderately large plage. The computations made here were devised to image an area on the solar far side that included a large, multipolar magnetic region, NOAA AR 8194 (16), which we reference to Carrington longitude 29.8°and latitude Ϫ22.8°, about 18 hours before its passage through the far-side meridian. The result is a signature that renders the active region on the far side of the sun by a local reduction in the one-way sound-travel time of about 6 s over an area covering about 300 degree 2 ( Fig. 2A) . This is consistent with the sign and magnitude of signatures that typically characterize plages imaged on the near side of the sun (17) .
When the aforementioned computation was repeated over the 24-hour interval beginning 29 March 1998 10:40 UT and centered at the same Carrington coordinates so as to follow solar rotation, the signature recurred (Fig. 2B) . During this time, the region passed through the far-side meridian and appears to have been growing rapidly. The NSO/Kitt Peak magnetogram (18) of 8 April 1998, when projected onto the same Carrington coordinates as the sound-travel time maps, shows the magnetic region 10 days later, now on the near side of the sun just inside the east limb (Fig. 2C) . Control computations to test the effects of near-side magnetic regions in the computational pupil show no artifacts of large near-side active regions at their far-side antipodes or thereabout (19) . The seismic imaging of the far side of the sun has important implications for research on the acoustic properties of the sun's magnetic regions and of the sun as a whole. The far-side images directly demonstrate the influence of active regions on global modes. Because these waves travel from the near side of the sun to the far side and back, they interfere with their multiple reflections. The result is a standing wave with a sharply defined frequency, called a p-mode, similar to the harmonics that resonate in an organ pipe. An active region can be likened to a subtle dent in the organ pipe, slightly reducing its internal volume and thereby slightly raising its resonant frequency. As in the organ pipe, the resonant frequencies of solar p-modes can essentially be regarded as independent of which side of the resonant cavity the active region is on. Thus, the same acoustic perturbations that are largely or perhaps entirely Waves coherently emanating from the focal point (green arrows) are represented by the acoustic egression, reconstructed for each focal point in the image from the surface disturbance it creates on the near surface. Its time-reverse signature, the ingression (yellow arrows), represents identical waves coherently converging into the focal point to contribute to the local disturbance there. A local acoustic depression at the focal point will shift the phase of the ingression-egression correlation. In the case of a quasi-specular reflection at the focal point, the outside of the ingression pupil on one side (red part of wavefronts) correlates with the outside of the ingression pupil on the other (also red). Likewise for the inside of the pupil (blue part of wavefronts). Thus, the loss of either side of the pupil destroys the phase correlation for the entire pupil. For this reason, phase-sensitive holography of far-side solar activity is only practical for regions within ϳ50°of the antipode of disk center. The dotted circle indicates the depth of the base of the solar convection zone. responsible for shifting the resonant frequencies of solar p-modes can be used to locate images of active regions on the far side of the sun when these modes are treated from the local optical perspective of seismic holography. Therefore, the far-side images reinforce a growing consensus (20, 21) that reduced sound-travel times in active regions may explain the entirety of the frequency shifts of global p-modes with the solar cycle.
The application of seismic holography to active regions on the far side of the sun makes it possible to study how active regions absorb, emit, and scatter low-ᐉ waves. Plain acoustic power holography of near-side active regions renders both sunspots and plages with strong egression power deficits, comparable in significance to the phase shifts. Acoustic power holography of far-side active regions renders an unexpectedly weak signature, which is not clearly detectable in our computations. Therefore, we see that the deficit in acoustic noise radiating from plages (6, 22, 23) is substantially selective in favor of high-ᐉ p-modes. This remarkable development seems tentatively consistent with recent work that attributes the acoustic egression deficit of waves emanating from magnetic regions to the coupling of pmodes with slow Alfvèn modes (24, 25) . Low-ᐉ p-modes are characterized by mostly vertical motion, and thus couple only weakly to vertical magnetic fields.
Extreme Oxygen Sensitivity of Electronic Properties of Carbon Nanotubes
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The electronic properties of single-walled carbon nanotubes are shown here to be extremely sensitive to the chemical environment. Exposure to air or oxygen dramatically influences the nanotubes' electrical resistance, thermoelectric power, and local density of states, as determined by transport measurements and scanning tunneling spectroscopy. These electronic parameters can be reversibly "tuned" by surprisingly small concentrations of adsorbed gases, and an apparently semiconducting nanotube can be converted into an apparent metal through such exposure. These results, although demonstrating that nanotubes could find use as sensitive chemical gas sensors, likewise indicate that many supposedly intrinsic properties measured on as-prepared nanotubes may be severely compromised by extrinsic air exposure effects.
Many carbon materials have excellent molecular adsorption and sieving properties (1). Carbon nanotubes in particular, because of their size, large surface area, and hollow geometry, are being considered as prime materials for gas adsorption (2-4), Li storage (5, 6) , and selective molecular filtering (7, 8) . Independently, the results of numerous theoretical and experimental studies suggest that single-walled carbon nanotubes (SWNTs) behave as nearly ideal one-dimensional quantum wires (9 -12) . However, virtually no attention has been given to the possible interdependence of gas adsorption and electrical quantum conductance in nanotubes, despite the large surface area of these materials. We show here that the measured electronic properties of nanotubes [electrical resistance R, thermoelectric power S, and local density of states N(E)] are in fact exceedingly sensitive to environmental conditions, namely gas exposure (13) , and can be reversibly "tuned" simply by exposure to air or oxygen. Isolated, apparently semiconducting nanotubes can be converted into apparent metals through room-temperature exposure to oxygen. Hence the electronic properties of a given nanotube are not specified only by the diameter and chirality of the nanotube but depend critically on gas exposure history. Because virtually all previous experimental studies of SWNTs have used samples exposed to air (and perhaps to other contaminants as well from aqueous solution purification or cutting processes), the results of those measurements must be carefully reevaluated before firm conclusions are drawn, especially with respect to the theoretically predicted behavior of idealized pure nanotubes.
The SWNTs used in our experiments were grown by the conventional laser ablation method (14) . Material from different synthesis runs yielded similar results. In general, SWNT-rich material taken directly from the growth chamber was baked in air at 700°C to remove the majority of amorphous and microcrystalline carbon. In determining both transport and spectroscopy characteristics, different additional sample preparation and contacting procedures were used and compared in order to quantify nanotube modifications that might arise, for example, from the commonly used practices of ultrasound exposure, filtering, and surfactant addition.
Measurements of the dc electrical resistance R and thermoelectric power (TEP) S
